Regulation of glycogen synthase activity in cultured skeletal muscle cells from subjects with type II diabetes: role of chronic hyperinsulinemia and hyperglycemia.
Human skeletal muscle cultures (HSMCs) from type II diabetic subjects were used to determine whether metabolic abnormalities such as hyperglycemia or hyperinsulinemia contribute to the defective muscle glycogen synthase (GS) activity present in this disorder. Following approximately 6 weeks of growth, diabetic cultures were fused for 4 days in normal, hyperglycemia, or hyperinsulinemia medium. Fusion of diabetic HSMCs in hyperglycemia medium (20 mmol/l vs. 5.5 mmol/l) had no effect on GS fractional velocity (FV) or mRNA levels, but impaired acute insulin-stimulation of glycogen synthesis and GS activity at 0.1 mmol/l glucose-6-phosphate, and reduced GS protein content by approximately 15% (P < 0.05). Fusion of diabetic muscle cultures in hyperinsulinemia medium (30 micromol/l vs. 22 pmol/l) improved basal GS activity, increasing the reduced GS FV by approximately 50% (P < 0.05), and decreasing the elevated Km(0.1) (half-maximal substrate concentration) by approximately 47% (P < 0.05). Hyperinsulinemia also significantly increased (P < 0.05) the reduced GS mRNA and protein levels of diabetic muscle to levels similar to that in nondiabetic subjects. In contrast to the improvements in the basal state, hyperinsulinemia completely abolished acute insulin responsiveness of GS activity and glycogen synthesis in muscle of type II diabetic subjects. The combination of hyperinsulinemia and hyperglycemia produced effects on both basal and insulin-responsive GS FV and mRNA similar to hyperinsulinemia alone, but hyperinsulinemia prevented hyperglycemia's effect of lowering GS protein and glycogen synthesis. We concluded that, in diabetic muscle, hyperinsulinemia may serve to partially compensate for the impaired basal GS activity and for the adverse effects of hyperglycemia on GS protein content, activity, and glycogen formation by both pre- and posttranslational mechanisms. Despite these beneficial effects, hyperinsulinemia also induces severe impairment of insulin-stimulated GS activity and glycogen formation, which may contribute to acquired muscle insulin resistance of type II diabetes.